Abstract: Sustainable construction is a way for the building industry to move towards achieving sustainable development, taking into account environmental, socio-economic and cultural issues. Buildings, infrastructure and the environment are inextricably linked. Energy, materials, water and land are all consumed in the construction and operation of buildings and infrastructure. These built structures are also part of our living environment, affecting our living conditions, social well-being and health. It is therefore important to explore environmentally and economically sound design and development techniques to ensure that buildings and infrastructure are sustainable, healthy and affordable. The objective of this paper is to investigate the role that the construction industry is playing in the sustainable development management globally and in Lebanon particularly. Survey questionnaires were distributed to main construction industry players: Contractors, Architects/Engineers and Owners/Developers. These questionnaires are designed to collect information on companies' environmental awareness and social responsibilities and current practices that include land development, material selections, energy efficiency, construction operations, waste handling, storage facilities, sustainable designs and so on. The information is then analysed and recommendations are made on how to learn from socially responsible companies and how to improve the overall sustainable development of the construction industry in Lebanon.
Introduction
When economies prosper, more infrastructure and facilities are needed to sustain economic development. Therefore the construction industry will play an important role in this. As a result, more pressure is put on natural resources which could have a severe impact on the environment (local and global) and on all living organisms. The construction industry is a major sector of the Lebanese economy. Through its activities, whether it is the provision of buildings, infrastructure development or contaminated land reclamation, the construction industry has a major role to play in the delivery of sustainable development. The main challenge for the industry is to play an integral part in reducing the impacts of its activities on the environment and local communities. In order to have a sound and more sustainable construction industry, its three major players must take the leadership role in such transformation (Huovila, 1999) .
The first players are Owners/Developers (O/Ds) who play an important role in developing and financing construction projects. For proper implementation of sustainable construction, O/Ds should address 'enabling foundations', that define opportunities to advance sustainable development through innovative construction operations and technology. According to the Civil Engineering Research Foundation (CERF, 1999) , these enabling foundations would incorporate: management and business practices, improvements in design procedures, efficient and sustainable construction and equipment industry, changes in sustainable development practices in the materials, utilization of high performance materials and systems in the design and construction industry, and public and government policy actions for sustainable design and construction practices.
The second players are the Architects/Engineers (A/Es) who are involved in designing sustainable infrastructures. Sustainable design will ensure the well-being and coexistence of humans and the environment. Sustainable designs aim at creating infrastructures that have minimum adverse impacts on the natural environment, strives for integral quality be it economic, social or environmental and finally, considers the entire life cycle of infrastructures. Life cycle design analyses the building process and its impact on the environment and emphasizes that a material should 'transmigrates from one form of useful life to another, with no end to its usefulness'. The conventional model of an infrastructure's typical life cycle consists of four phases: design, construction, operation and maintenance and demolition (Kim, 1998; SABD, 2002; Crowther, 1992; Yeang, 1995; Vale and Robert, 1991; Brand, 1994) . However, this model fails to address environmental issues and waste management.
The third major players in the construction industry are the contractors. The construction sector impacts the environment throughout the life cycle of infrastructures. From extracting raw materials (quarries, cement production), erecting the facilities (noise, dust, hazardous materials) and using the facilities (disposal of wastewater, energy consumption and emissions) (MOE, 2002) . Inadequate construction standards and the lack of sound urban planning regulations (or of enforcement of existing regulations) further aggravate environmental degradation.
The objective of this paper is to investigate how these major players in the construction industry are practicing sustainable design and construction. Information is collected using survey questionnaires. Information is analysed and recommendations are presented on how to improve construction sustainability.
The construction industry

Environmental impact
Buildings consume space and natural resources. They require cement and other building materials, some of which are extracted from quarries (aggregate, sand). Building materials are hauled long distances exerting pressure on the road network. During construction, workers are exposed to a wide range of pollutants (particulates) and noise. Nearby residents also are subjected to extensive noise and air pollution. Building tenants consume water and generate wastewater and solid waste. Buildings also consume energy and release carbon dioxide and radon. Ultimately, if and when buildings are demolished, rubble and debris are hauled away and disposed at sea or in abandoned quarries. Table 1 summarizes the key environmental  impacts associated with the construction sector (MOE, 2001 ).
The stakeholders
Governments are important players, but are not the only ones, in regulating the construction industry. There is widespread acknowledgement that changes to the regulatory framework, particularly building regulations, are considered to be effective means for a behavioural shift in the construction sector. It is widely suggested that regulation should not be used in isolation but in combination and collaboration with other policy measures such as economic incentives and education. In addition to its role as regulator, there is strong support for the government to take a leadership role in the delivery of sustainable construction by using its powers as a major customer and industry sponsor and also to establish a national vision for sustainable construction. Other stakeholders must be involved in helping the government shape the construction industry polices, rules and regulations (MOE, 2002) . For example, in Lebanon the major stakeholders (as shown in Figure 1 ), in addition to the government and the three major players, are municipalities, Order of Engineers, technical controller, public/civil societies, subcontractors, suppliers, and so on. Involvement of all stakeholders is a crucial aspect to achieve sustainable construction since the industry itself is highly fragmented. This implies a double imperative for the participation of all actors in the construction chain in any initiatives designed to take the sustainable development strategy forward. 
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Survey design and scope
Methodology and scope of work
The work was done in two parts: the first part included literature review on sustainable development in construction while the second part involved the development of three survey questionnaires pertaining to the three aforementioned major parties involved in the construction industry. The survey questionnaire included a general section common to all three parties in addition to a section specific to each of these parties. In order to attain the most accurate results for the survey only General Managers, Project Managers or Senior Engineers/Architects having more than five years of experience at the selected companies and who are fully aware of the current environmental practices of their companies in Lebanon were asked to answer the survey. A total of 100 surveys were distributed (45 contractors, 40 A/Es and 15 O/Ds). Exactly half of which responded (22 contractors, 21 A/Es and seven O/Ds) totalling 50 participants. The respondents were selected so as to represent firms having very good standing and current major construction work in Lebanon. The annual gross revenue for the surveyed O/Ds ranged from US$5 million up to more than US$150 million and the number of employees ranged from fewer then 10 to more than 500. As for the surveyed A/Es the annual gross revenues were much less and ranged from US$120 000 up to US$40 million while same range of employee number as the O/Ds prevailed. The surveyed contractors on the other hand had a larger number of employees and annual gross revenues ranging from US$1.5 million up to more than US$1.3 billion. Designing the surveys All three surveys included a common section related to general information, potential growth of the environmental market, regulatory and legal issues and finally, environmental awareness and responsibility. In the O/Ds' survey, the sections included general concerns, O/Ds' relation with A/Es, O/Ds' relation with contractors, and O/Ds' relation with the government and the public. The A/Es' survey included sections related to general concerns, energy efficiency, reuse and recycling and environmental concerns. Finally the Contractors' survey included general concerns, ecosystem concerns, procurement concerns, reuse and recycling and energy efficiency. What follows describes the framework and type of data sought in the survey including the general and the specific section for each sector.
Common section. In general information subsection questions were asked about the firms' size and their characteristics such as annual revenue and number of employees, the extent of firms operations in various countries and firms' involvement in private or public sector. In addition, questions were asked related to the types of work and activities performed and the extent of the firm's involvement as a percentage of total business activity such as water supply, sewer/waste water, solid waste, hazardous waste and energy and pollution abatement. In the next section, questions were asked related to the potential growth of the environmental market (clean air, deforestation, energy, solid waste management, water supply, sewage/waste water treatment, and so on) and its expectations and challenges. Furthermore, questions related to the regulatory and legal framework were asked. The opinions of companies were sought regarding the current environmental regulations and the importance of different government and local agencies in determining the future of such regulations and its impact on the construction industry including their concerns regarding the environmental market because of its potential liability. Finally, questions were asked related to implications of the increased environmental awareness and the responsibility of the construction industry to meet this challenge.
O/D's survey. The objective of this survey is to see O/Ds' approach to management, business practices, education, communication, and research. Questions were asked to investigate the relationship between O/Ds and A/Es on one hand and O/Ds and Contractors on the other hand. Regarding A/Es, questions asked were related to the better use of resources through improvements in design procedures, methods, tools and global human capabilities to build more sustainable structures. Regarding Contractors, questions were asked to see if they are committed to more sustainable construction operations. Finally, questions were asked to investigate the relation with the government and the public sector. Questions included whether the O/Ds are communicating to local communities their proposed development project, share information on best practice for demonstration projects, encourage gaining efficiency through international and government collaboration, examine and coordinate codes, standards and regulations locally.
A/E survey. Questions were asked about the cooperation amongst the design teams of various organizations and also attempted to assess the importance of Lebanese government regulation in promoting and enforcing sustainable design implementation. Other questions were asked related to energy efficiency and sustainable designs taking into considerations efficient use of resources, energy efficiency, recycling, pollution prevention, harmony with the environment and cultural issues.
Contractors survey. Questions were asked to see if contractors check the designs for use of sustainable methods and materials, whether they advise their clients of better environmental solutions for their projects, and if the planning of construction activities is done to minimize negative environmental impact. In addition, questions were asked related to the ecosystem to see whether the Lebanese Contractors avoid construction in environmentally sensitive areas (such as wetlands and threatened or endangered species habitats); about sustainable construction practices such as reuse of excavated soil, avoid using materials and equipment harmful to the environment, hazardous material storage; procurement procedures (durable and longlasting materials, avoid spoilage of unused materials such as paint, material requiring minimal packaging, and the use of environmentally preferable construction materials); and the reuse and recycling of construction materials left from finished after construction projects. Finally questions were asked related to energy efficiency during the construction operation to see whether construction plans usually specify the use of 'low-embodied energy' construction products whenever possible, specify the use of energy efficient lighting systems, give preference to purchasing energy-efficient electric products and equipment, and call for sufficient insulation to reduce heat loss and conserve energy.
Survey results and analysis
In order to better compare and analyse the data, Likert scale of 1 to 5 (where 5 correspond to strongly agree) was used to answers most of the questions. To determine the ranking of the different environmental construction practices from the point of view of O/Ds, A/Es and Contractors, an importance index was computed for comparison purposes. The importance index is a very useful tool when using a Likert scale which will help in ranking the preferences of each of the three different parties involved in the survey. The importance index uses the following equation:
( 1) where I ϭ importance index; a i ϭ constant expressing the weight of the ith response, where a i ϭ 1, 2, 3, 4, 5, respectively; x i ϭ frequency of the ith response given as a percentage of the 
ϭ frequency of a participant's answer of '1'; x 2 ϭ frequency of a participant's answer of '2'; x 3 ϭ frequency of a participant's answer of '3'; x 4 ϭ frequency of a participant's answer of '4'; x 5 ϭ frequency of a participant's answer of '5'. An example is shown in Table 2 below where I is equal to 61.
Furthermore, Spearman's correlation test was used to compare answers to the common part in all three different surveys (Dowdy and Wearden, 1991; p. 273) .
Results of the questionnaire
Common section. Table 3 shows the importance index and the rank of each environmental management practices for the three major players. They all agreed that they should actively try to promote themselves as stewards and protectors of the environment (Ranked number 1 by all parties). It is worth noting that for all sectors and for all parties, the importance indexes for the involvement in environmental construction were relatively low ranging from 23 to 56, indicating that the surveyed engineering companies in Lebanon are not strictly specialized in environmental construction, but rather the latter is only a part of their overall engineering work. Results clearly showed a higher involvement of A/Es, contractors and O/Ds in the private sector then in the public sector with a ratio of private sector organizations to public sector organizations of 53/47, 62/38 and 93/7, respectively.
Most of the surveyed A/Es (90.5%) think that the environmental market will grow ultimately with the growing demand of population especially in the field of water supply and treatment of sewer/wastewater while the remaining 9.5% claimed that the market will stabilize in the coming years. Moreover, most of A/Es thought that it will grow at a rather high rate. In the case of contractors, the results were slightly more different. Though the majority (86.4%) still think that the environmental market will grow between now and the year 2010, a small percentage (4.5%) claimed that it will shrink. This may be attributed to the economic crisis of the country in the field of construction. Moreover, contractors who claimed that the market would grow were not as optimistic as A/Es with a more spread distribution of the rate of growth ranging between 2 and 3. All the surveyed O/Ds' declared that the environmental market will grow in the coming years, however at a rather slow rate.
All surveyed O/Ds rated the current environmental regulations in water supply, sewer and waste water as not excessive. The majority of the A/Es and contractors claimed the same fact while a minority (10% of the A/Es and 4.5% of the contractors) rated it as excessive. As far as solid waste is concerned, all surveyed O/Ds and the majority of contractors and A/Es think that current environmental regulations are not excessive. However, 20% of A/Es and 31.8% of contractors do not know about regulations in solid waste, and 5% of the A/Es and 4.5% of the Contractors think that the latter are excessive. For the case of hazardous waste and pollution abatement, approximately 35% of A/Es and 40% of contractors do not know about regulations in this specific sector while the rest (which constitutes the majority) still always think that they are not excessive. All O/Ds claimed that current environmental regulations in energy are not excessive while in the case of A/Es, 10% think that they are excessive, 70% think that they are not excessive and 20% do not know. None of the contractors think that regulations are excessive. Clearly, current environmental regulations in all sectors are not excessive in Lebanon, assuming respondents knew about those regulations. Accordingly a bigger role should be played by the legislative body in collaboration with all stakeholders, mainly the government, as prescribed later in this paper in order to ensure that the legal infrastructure is well designed and prepared for such an important transformation in the construction sector. All parties (almost same rank for all) estimated the likelihood that future environmental regulations will result in additional work and greater restrictions for the construction industry to compose more than a moderate probability which translates into timely and costly practices to all involved parties.
Very low level of concern in the construction industry regarding the environmental impact of its activities is implied from the responses of the survey and the importance indexes (ranging from 34 to 47). Moreover, all parties declared a low level of public scrutiny (eg, from environmental organization) on the construction industry regarding the environmental impact of its activities. Retrospectively, O/Ds, A/Es and Contractors all agreed on the fact that 'Engineering, design, and construction firms should actively try to promote themselves as stewards and protectors of the environment.' O/Ds' involvement in sustainable construction. In regards to the general concerns, O/Ds ranked very high the enforcement of the protection and preservation of water sources from contamination (index of 91) and the 'rescue' and transplanting of trees and other vegetation (index of 86), while ranked last the provision of training and information on sustainability issues to those that are employed by the firm (internally and externally) and matters such as construction materials, the use of natural resources, impacts on local ecology, water and energy use, procurement, waste management, pollution control, transport, information management, training and decommissioning demand consideration (index of 57).
Careful dimensioning of materials to minimize waste and avoid unnecessary use of finish materials is also important to the O/Ds in their relation with A/Es as reflected by the relatively high importance index of 77. The establishment of education and training programs to advance sustainable design was ranked last with an index of 60.
Fostering environmentally friendly construction practices, and the inclusion of 'special conditions' in tender documents to prevent pollution and reduce waste were considered as important factors in the O/Ds' relation with contractors (indexes of 80 and 77, respectively). The least important in this regards to the O/Ds was the development of a decision support system for EcoConstruction (index of 43).
In regards to the relation with the government and the public, the local examination and coordination of codes, standards and regulations was ranked first by O/Ds (index of 74). The publication of an innovative document or report that sends a signal to all stakeholders that the sustainable development agenda is vital to the realization of firm's business goals was of least importance to the O/Ds with an index of 43.
A/Es and sustainable design. A/Es ranked highest (importance index of 90) the fact that employees should be regularly up-dated and trained to design in accordance with environmental efficiency in order to close the gap between theory and practice. The second important issue to the A/Es was the importance of government regulations in order to promote and enforce sustainable design. Conversely, they claimed that O/Ds in Lebanon do not sufficiently acknowledge the long-time benefits of sustainable and energy-efficient construction, and are not enthusiastic about implementing it in their own projects.
Regarding energy efficiency, A/Es ranked high both the harmonization with the environment as an aspect of sustainable design and the increased use of natural light (importance indexes of 75 and 74, respectively). On the other hand, solar water-heating panels, wind power and photovoltaic electricity were ranked low with importance indexes of 51, 37 and 35, respectively.
As for the reuse and recycling, A/Es viewed as their highest priority the fact that demolishing and rebuilding an existing building must only take place when it is not economical or practicable to reuse. While it was of a lesser importance the common belief that old traditional buildings are, in general, less environmentally beneficial than contemporary ones incorporating high-tech environmental control systems.
In the environmental concern category, the extent taken into consideration for the site's history and purpose, local micro-climate (prevailing wind, weather patterns and solar orientation), provision for public transport and the form of surrounding buildings seemed to be of high priority to the A/E firms with a rather high importance index of 90. Of lesser importance were the attempt of designers to support pedestrians, bicycles, mass transit and other alternatives to fossil-fueled vehicles, in planning and design (index of 78).
Contractors and the environment. Contractors ranked first the checking of designs for use of sustainable methods and materials (importance index of 71) and ranked second the fact that clients are usually advised of better environmental solutions for their projects and for implementing environmental management systems during the construction of projects. Scoring relatively low in terms of general concerns about sustainability and environmental best practice were the awareness and appropriate use of newly developed tools to monitor the amount, type and cause of waste on construction sites (importance index of 53) and the concern towards 'greening.'
Ranking relatively high (index of 78) in terms of ecosystem concerns were the reuse of excavated soil from the construction site and that usually plans include the re-vegetation of areas disturbed by construction (index of 75). Scoring lower in importance was the availability of plans to reduce the use of materials containing constituents that can affect the environment (index of 66), and scoring even less in importance was the avoidance of construction in environmentally sensitive areas (such as wetlands and threatened or endangered species habitats) with an index of 58.
Regarding procurement concerns, contractors agreed well on the importance of projects that include the use of durable, long-lasting materials that do not need to be replaced frequently, thereby reducing the amount of construction waste generated over time (index of 73) and that provisions exist for the proper storage of construction materials to reduce the amount of waste caused by damage or exposure to the elements (index of 71). Ranking last as far as procurement issues are concerned (importance index of 51) was the use of construction materials containing recycled contents when possible and in accordance with accepted standards.
Most of the reuse and recycling issues related to construction operations scored rather low (indexes ranging from 48 to 59) with the highest rank pertaining to the reuse and recycling of metal, wood and packaging wastes generated as a result of construction activities to form new products. On the other hand, the issue of construction contracts not specifying that construction materials left over at the end of the project should be reused in other projects rather than be disposed of scored low with an index of 51.
In the energy efficiency category, contractors gave relatively high importance (index 69) to construction plans that usually call for sufficient insulation to reduce heat loss and conserve energy while they gave lesser importance to the fact that construction plans usually specify the use of energy efficient lighting systems (index of 63) and further considered the construction plans that usually specify the use of 'low-embodied energy' construction products whenever possible of least importance.
Analysis of data
To determine the ranking of different environmental construction practices from the point of view of O/Ds, A/Es and Contractors, the importance index as previously defined was computed using SPSS Software. Table 4 shows the average indexes and the respective ranks of the main categories. It is clear that the ranking and importance index differs among the different major players. However, it is worth noting that O/Ds give greatest importance to the relation with the A/E in pursuing sustainable construction practices. The A/Es, on the other hand, have placed much more importance on the environmental concerns whereas the contractors ranked the ecosystem concerns as the most important. Tables 5, 6 and 7 show the rank correlation coefficients and their significant levels for the common environmental practices of all parties, for each party's additional construction practices and for each party's main additional construction practices respectively. These were determined using Spearman's rank correlation in the SPSS software. The correlation coefficients of the rank of all three parties' common environmental practices are 0.758, 0. practices but the correlation is not significant between the ranks which O/Ds and A/Es give to the different individual construction practices. Again, the correlation is not significant between O/Ds and Contractors. Finally we can conclude that the correlation is not significant between the ranks which O/Ds, Contractors and A/Es give to the different main individual construction practices given the rather large significance level (above 0.5).
Comparing all three parties together
Discussions and conclusions
This paper attempted to shed some light on the emerging concept of sustainable construction in general and particularly in Lebanon. The construction sector is highly fragmented and its direct and indirect activities have influential impact on the micro and macro socio-economic aspects of our existence. Accordingly the construction sector has a great say in any sustainable development initiative. In an attempt to assess the current situation and awareness for such an emerging concept, a survey questionnaire was conducted targeting the three major players in the construction sector in Lebanon. Results clearly demonstrated widely varying levels of awareness regarding sustainable construction depending more or less on the position and economic interest of each party. O/Ds showed a reasonable level of awareness regarding sustainable construction and supported initiative in this regards as long as it protects the interest of their investment and do not impose any additional costs or risks. Educational training and utilization of technological tools to preserve the environment and society were not of importance to the O/Ds for the high investment costs and the uncertain rate of return and risks associated with such initiatives. Furthermore the involvement of O/Ds with the government and the public were of least importance for the same aforementioned reasons.
Based on the survey, A/Es were the most aware party regarding sustainability. This may be attributed to the fact that A/Es are to a large extent legally responsible for designing projects that serve the required intent and society as a whole. Accordingly, A/Es' design practices ranked highest in terms of environmental concerns and general concerns about sustainable design. On the other hand, research and development (R&D) initiatives such as energy efficiency and reuse and recycling seemed to be moderately important to A/Es.
Contracting firms in Lebanon are not enforcing much good environmental practices as reflected in the relatively low importance indexes. Contractors in Lebanon are working on diminishing profit margins given the economic crisis and the high competition in a relatively small market. Accordingly any sustainable initiatives that may reduce their incurred cost such as minimizing material wastes, storage costs and the reuse of the excavated material in order to minimize dumping costs, and so on are considered of importance.
Furthermore, all parties agreed that the current environmental regulations and policies in all sectors are minimal. Accordingly, the legislative body has an important role to play in preparing the necessary legal infrastructure to protect the interest of all parties and to prompt a wider adaptation of sustainable construction practices; this can only be achieved if the government takes a leadership role in this regard. It is typical in developing countries to shift all the responsibility to the local government. It is true that government is an important player in such transformation, but all stakeholders should participate and try to balance the longterm benefits with the short-term ones. Accordingly all parties should look on the macro scale level of the industry and try to establish best practices that serve current and future interests of all.
All companies, individual and organizations conduct business in an attempt to gain profit. Accordingly, there is widespread concern over the cost implications of sustainable construction and the need to balance economic and environmental factors when taking policy forward as was reflected in the unanimous belief of all parties surveyed that sustainable construction will lead to increased amount of work and restrictions to the construction industry. Key issues include the costs to local O/Ds and developers of administering more complex planning and building control systems that directly increases the cost of the design and construction phases; to industry of adapting to new building technologies; and to users for purchasing or renting buildings constructed to higher standards.
Continuous education, collaboration with academic institutions and R&D initiatives are approximately of no importance to all parties. However, such initiatives and collaboration may utilize technological tools to find better solutions to several environmental problems the construction industry is facing and may also create healthy competition and larger profit margins to the whole industry. All of this can be achieved if the technology triangle (Science, Economics and Policies) is utilized by all organization and even the government.
Construction Industry is undergoing a slow but a large transformation in all its aspects. The Lebanese construction sector shares a lot of characteristics with construction sectors of many developing countries. However, in order to gain a competitive edge in the 21st century our sector and all its stakeholders should be regional leaders in sustainable construction initiatives which will only lead to more trust in the Lebanese market and will enhance its economic situation given the importance of the construction industry in a post war region.
